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MEBT MEETING AGENDA 
May 24, 2001 

              
 

System Integration / Installation 
1. Routing of cable trays and wire ways 
2. Water System Planning (schematic, location) 
3. Raft assembly area progress 
 

Mechanical Systems Update 
1. Fabrication and Procurement Update 
 • Chopper Target Material Update  (target, micrographs: face, round) 

• BPM’s – Five 3-cm completed √ 
• Support Frame 
• Profile Monitor Beamboxes 
• Raft weldments 
• Chopper Target Beambox Fiducialization √ 
• Chopper Beambox Assembly 

2. Design Status (MEBT) 
• Rebuncher Cavity #4 moved +3 mm (z-dir) (interference, solution) 
• Beampipe design underway  
• Raft Assembly area under development 
 

Electrical Systems Update 
1. Low Level RF 
2. Rebuncher System 
3. Beam Diagnostics      
 

Upcoming Tasks and Milestones     
♦ Rebuncher Cavity #1 Received    1/31/01 OR 
♦ Profile Monitor First Article Complete  3/31/01 
♦ Chopper Vacuum Enclosures Complete  5/31/01 
♦ Raft and Support Structure Complete   5/31/01 OR 
♦ Rebuncher Amplifiers #2-6 Received   6/30/01 
♦ Rebuncher Cavity #2-4 Received   6/30/01 
♦ Profile Monitor all complete    7/31/01 
 

Next Meeting, Thursday, 6/7/01, 10 AM 
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FE-ME-022A_water_circuits.xls

Quadrupole Magnet Water Cooling Circuit Temperature Rise
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MEBT Quadrupole Operating Parameters  FE-ME-022A
FE3312
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Magnet Properties
Yoke Length = Ly 4.5 cm = 1.772 in Properties of Cooling water
Turns Per Coil 12 turns Specific Heat: Cp = 4.177 kJ/kg/K

Density: 90F ρ = 1.931 slugs/ft^3 1000 kg/m^3
Conductor Properties Tave = 90 F    = 32.22 C Dynamic Viscosity: 90F µ = 1.5E-05 lb-s/ft^2
Resistivity, ρ (CU 99.91% IACS)  0.7108 µΩ-in ρ=.00267*(t+234) Kinematic Viscosity: 90F γ = 62.11 lb/ft^3
Conductor Style SQUARE
Conductor Dimension, D 0.1875 in Conversions
Cooling Hole Diameter 0.1250 in Flow Rate: 1m^3/s = 15850 gpm
Corner Radius 0.0400 in Temperature: 1 F∆T = 0.55555 C∆T
Cross Sectional Area 0.02151 in^2 Flow Rate: 1 gpm = 2.228E-03 ft^3/s
Conductor Length, L 174.0 in 
Resistance per Coil 0.00575 Ω Cooling Water Temperature Rise
Resistance of 4 Coils in series 0.022998818 Ω ∆T = 3.79∗P/Q P total magnet power (kW)

Q total water flow rate (GPM)

Nominal Values APT Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14
Aperture Radius (cm) 1.6 1.6 1.6 1.6 1.6 2.1 2.1 2.1 2.1 2.1 2.1 1.6 1.6 1.6 1.6
Nominal Gradient (T/m) FE-PH-026 44.780 -33.796 35.999 -27.610 16.195 -17.000 26.200 -11.700 -11.700 26.200 -17.000 16.511 -25.762 28.848 -20.420
Effective Length (cm) =Ly+a 6.1 6.1 6.1 6.1 6.1 6.6 6.6 6.6 6.6 6.6 6.6 6.1 6.1 6.1 6.1
Focusing Power (T) = GL 2.73 -2.0616 2.20 -1.68 0.99 -1.12 1.73 -0.77 -0.77 1.73 -1.12 1.01 -1.57 1.76 -1.25
Pole Tip Field (T) 0.716 -0.541 0.576 -0.442 0.259 -0.357 0.550 -0.246 -0.246 0.550 -0.357 0.264 -0.412 0.462 -0.327
Predicted Current (A) 400 285 304 233 135 242 373 166 166 373 242 138 218 243 172
Voltage (V) 9.20 6.55 7.00 5.36 3.11 5.55 8.59 3.81 3.81 8.59 5.55 3.17 5.01 5.59 3.96
Power (W) 3680 1864 2128 1248 421 1342 3207 630 630 3207 1342 438 1090 1360 683
Nominal Water Flow (gpm) 1 1 1 0.67 0.67 1 1 0.67 0.67 1 1 0.67 0.67 1 1
Temperature Rise (C) 13.95 7.06 8.06 7.06 2.38 5.09 12.15 3.57 3.57 12.15 5.09 2.48 6.16 5.16 2.59
Temperature Rise (F) 25.10 12.72 14.52 12.71 4.28 9.15 21.88 6.42 6.42 21.88 9.15 4.46 11.09 9.28 4.66
Flow Velocity per Coil, v (ft/sec) 6.54 6.54 6.54 4.38 4.38 6.54 6.54 4.38 4.38 6.54 6.54 4.38 4.38 6.54 6.54
Reynolds Number per Coil 8765 8765 8765 5872 5872 8765 8765 5872 5872 8765 8765 5872 5872 8765 8765
Friction Factor, f 3.27E-02 3.27E-02 3.27E-02 3.61E-02 3.61E-02 3.27E-02 3.27E-02 3.61E-02 3.61E-02 3.27E-02 3.27E-02 3.61E-02 3.61E-02 3.27E-02 3.27E-02
Pressure Drop per Coil (psi) 13.02 13.02 13.02 6.46 6.46 13.02 13.02 6.46 6.46 13.02 13.02 6.46 6.46 13.02 13.02

Maximum Values Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14
Aperture Radius (cm) 1.6 1.6 1.6 1.6 2.1 2.1 2.1 2.1 2.1 2.1 1.6 1.6 1.6 1.6
Tuning Margin (%) FE-PH-031 11% 3% 13% 16% 0% 0% 0% 0% 0% 0% 7% 4% 5% 19%
Design Margin (%) FE-PH-031 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
Maximum Gradient (T/m) -41.265 40.787 -34.319 20.665 -18.700 28.820 -12.870 -12.870 28.820 -18.700 19.433 -29.472 33.319 -26.730
Effective Length (cm) =Ly+a 6.1 6.1 6.1 6.1 6.6 6.6 6.6 6.6 6.6 6.6 6.1 6.1 6.1 6.1
Max Focusing Power (T) = GL -2.5172 2.49 -2.09 1.26 -1.23 1.90 -0.85 -0.85 1.90 -1.23 1.19 -1.80 2.03 -1.63
Max Pole Tip Field (T) -0.660 0.653 -0.549 0.331 -0.393 0.605 -0.270 -0.270 0.605 -0.393 0.311 -0.472 0.533 -0.428
Max Predicted Current (A) 357 352 289 174 266 411 182 182 411 266 164 248 281 226
Max Voltage (V) 8.21 8.08 6.65 4.01 6.12 9.45 4.19 4.19 9.45 6.12 3.76 5.71 6.45 5.19
Power (W) 2928 2842 1924 699 1626 3884 765 765 3884 1626 616 1419 1811 1172
Nominal Water Flow (gpm) 1 1 0.67 0.67 1 1 0.67 0.67 1 1 0.67 0.67 1 1
Temperature Rise (C) 11.10 10.77 10.88 3.96 6.16 14.72 4.33 4.33 14.72 6.16 3.49 8.02 6.86 4.44
Temperature Rise (F) 19.98 19.39 19.59 7.12 11.09 26.50 7.79 7.79 26.50 11.09 6.28 14.44 12.35 7.99

Quadrupole Magnet Equation: Pressure Drop:
N*I = 1.01*B*a/η N number of turns per pole ∆p = ρ*f*L/D*v^2/2 ∆p pressure drop

I current flowing in turns (Amp) ρ density
B flux density at the pole tip (Gauss) f friction factor
a half the circular aperture (inches) L tube length
η magnet efficiency D tube ID

Predicted Current: Based on LANL Prototype Quad Measurements v flow velocity
For a = 1.6 cm, curve fit of measurement results: LANSCE-1:TNM-99-072, D. Barlow, 4/22/99

I32 = 10.406(GL)4 - 56.65(GL)3 + 106.47(GL)2 + 60.12(GL) + 16.629 Blasius Friction Factor
For a = 2.1 cm, normalized curve fit of measurement results: LANSCE-1:TNM-99-052, D. Barlow, 3/22/99 f =.316/Re^.25 f friction factor Turbulent flow in smooth pipes 
I42 = 217.19(GL)- 2.1534 Re Reynolds number=ρvD/µ (only for ε/D≅0, 4e3 < Re < 1e5 )

Water Circuit Name Q1 Q2 Q3-4 Q5 Q6 Q7-8 Q9 Q10 Q11-12 Q13 Q14
Temperature Rise (C) 11.10 10.77 14.84 6.16 14.72 8.65 14.72 6.16 11.51 6.86 4.44
Pressure Drop (psi) 52 52 52 52 52 52 52 52 52 52 52
















